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In industrial practice, abrasive machining processes can be carried out using various types of abrasive tools. Depending on their type, two basic groups of abrasive machining are distinguished: bonded abrasive and loose abrasive. Abrasive grinding includes: grinding with grinding wheels, smoothing, oscillating super-smoothing and belt grinding, i.e. grinding with papers and abrasive cloths [1, 3, 6, 7, 9] .
Perspective methods of abrasive machining include machining with abrasive tools on flexible substrates, and above all machining with abrasive papers and abrasive strips and disc blades. Among the methods of finishing and surface finishing of wood, grinding with abrasive tools is of particular importance -almost 100% of operations are performed with these tools. Such grinding serves both to eliminate errors of shape and dimensions, as well as to improve the quality of the surface or prepare it for further production stages, e.g. veneering, varnishing or printing [9] .
The striving to increase the efficiency of machining and improve the quality of the workpieces resulted in the development and manufacture of new varieties of coated abrasive tools, including anti-static cloths and papers [5, [8] [9] [10] 12] . These tools allow to reduce, or even almost eliminate, the phenomenon of electrostatic charges on the surface of active canvas and abrasive papers -PCPS [4] .
This article is a continuation of the research discussed in [8] , and its aim is to evaluate the method of measuring the size of electrostatic charges generated during grinding pine wood with abrasive papers (ordinary and antistatic), in terms of the sign and repeatability of the obtained voltage waveforms.
Methodology for measuring electrostatic charges
Grinding is accompanied by friction and elevated temperature, which promotes the formation of electrostatic charges. If these charges are not discharged through the ground, then there is an electrostatic charge of the PCPS, as well as the ground object and the fine chips of the material being processed. The effect of this charge is the magnetic adhesion of dust to the workpiece, sandpaper and machine tool [2, 11] . Due to the use of antistatic abrasive papers, which in the composition of the primer or binder layer contain special binding agents in the form of carbon fibers, graphite and soot, the generated electrostatic charges can be removed.
Studies on the process of electrostatic charge formation during grinding of pine wood samples with abrasive papers were carried out on a special stand built on the basis of the NUA-25 grinder ( fig. 1) .
Various constructional solutions were used to capture electrostatic charges generated on PCPS: a graphite-copper brush (element 10 in fig. 1 ) and a flat copper plate (item 4 in fig. 2 ), spaced from the active surface of the abrasive paper by 1 mm. Cargo values were at a similar level, while differences in the sign of generated electrostatic charges were observed.
Standard PS 18E abrasive papers and anti-static PS 15F by KLINGSPOR had the form of discs with dimensions 140 × 35 mm. The properties of sanding papers are shown in the table. Fig. 1 . Electrostatic charge measurement stand: 1 -wood sample, 2 -sample mounting, 3 -nut, 4 -copper element for capturing loads in front of sandpaper, 5 -sanding disk, 6 -paper clamping plate, 7 -conductive copper cladding, 8 -insulating layer, 9 -copper peg (electrical connection), 10 -graphite copper brushes, 11 -grinding and sharpening spindle, 12 -grinding and sharpening body, 13 -element guide system for interception of cargo, 14 -ADAM 4118 measurement module, 15 -PC computer, 16 -paper clamping disc The ordinary and antistatic abrasive paper discs were subjected to resistance tests -both on the side of the embankment and on the substrate [2.11] -using the CHY M-1000V mega-ohmometer. The resistance of antistatic abrasive paper from the embankment side was 100÷200 MΩ, and on the substrate side -20÷30 MΩ. In the case of ordinary abrasive paper, the resistance from the side of the embankment and from the surface of the substrate exceeded 2,000 MΩ.
200 pine samples 30 × 30 × 72 mm were prepared for the needs of the research. Each sample was subjected to three measurements of wood moisture using a VOLTCRAFT FM-300 moisture meter with automatic temperature compensation. Then, the arithmetic mean of the measurements was calculated and the samples were selected. The grinding operation was carried out on those samples, the moisture content of which was in the range of 7.5÷8.5%.
The amount of electrostatic charges was determined by measuring the value of voltage (potential difference) as a function of time U = f(t) when grinding samples with normal and antistatic abrasive paper, with constant surface pressure p = 4.54 kPa and variable grinding speed v c from the range of 12, 1 to 24.2 m/s. The value of generated voltage as a function of time was recorded on the computer monitor in the form of graphs U = f(t). The measuring module from the ADAM 4118 series was used to acquire measurement data during the tests. It enables the recording and visualization of analog signal waveforms as a function of time and communication with a PC computer using the RS 485 bus. The intermediary element is a microprocessor converter ATC 820 installed in Windows as a port serial COM. The ADAM 4118 measuring module allows temperature measurement from -50 °C to 1300 °C and voltage measurement (potential difference). The discretization step was programmed for 0.1 s.
Results of measurements of electrostatic charges
Measurement of electrostatic charges using a graphitecopper brush showed that in most cases (about 75%) when grinding pine specimens with ordinary PS 18E abrasive papers, the voltage values in the time interval from 0.5 to 20 s are positive. The maximum voltage values usually occur after 1÷1.5 s from the beginning of grinding and are generally from U = 0.9 mV to U = 1.9 mV. Then the voltage drops sharply to around U = 0.5 mV, and even U = 0.2 mV.
On the other hand, when grinding pine wood with antistatic PS 15F abrasives, the voltage values in the time interval from 1.5 to 20 s are negative. After about 2 seconds the voltage values usually oscillate from the smallest value U = -0.2 mV to the value close to zero. The highest voltage values -from U = -0.6 mV to U = -0.1 mV -usually occur after 1÷2 s.
Sample graphs of voltage as a function of time U = f(t) -measured using a graphite-copper brush on the surface of ordinary and antistatic abrasive paper while grinding samples is shown in fig. 3 . As can be seen, voltage waveforms shown in fig. 3b are more stable.
On the basis of the measurement of electrostatic charges with the use of copper sheet from the side of the abrasive paper coating, it was found that in 55% of cases when grinding pine wood samples with PS 18E abrasive papers, the voltage values in the time interval from 0. Sample graphs of voltage as a function of time U = f(t) -measured using copper sheet -on the surface of ordinary and antistatic abrasive paper during grinding of samples are shown in fig. 4 . The waveforms shown in fig. 4b are more stable.
The U = f(t) diagrams removed using copper sheet are markedly less repeatable voltage values (electrostatic charges) in relation to the voltage measured using a graphite-copper brush. It can therefore be concluded that the voltage values removed by means of copper sheet are less stable and more susceptible to various types of interference. That is why in further research it was decided to use a graphite-copper brush for measuring tension.
Evaluation of the degree of covering of abrasive papers
The phenomenon of electrostatic charge generation is very undesirable because it results in a much faster adhering of the space between the grains of the active surface of abrasive paper with wood particles. PCPS surfacing is compounded as a result of the formation of unlike charges of grinding dust. Attempts to assess the degree of PCPS overfilling by measuring -in the same ambient conditions -the weight of the paper envelope, and then the weight of the envelope together with the sanding disk prior to grinding and after sanding the wood sample as well as the SEM image analysis method [8, 10] , did not give any definite results. This can be explained, among others in that after removing the wood sample from the PCPS, i.e. after the abandonment of the grinding operation, the electrostatic charges cease to be generated immediately, and the previously generated charges are discharged into the machine body. As a result, some particles of wood and dust fall away from PCPS immediately. Only when grinding wood samples with a certain amount of resin using antistatic abrasive paper, one can notice a significant weakening of this phenomenon.
Photographs of the active surface of abrasive paper PS 18E before the grinding operation and after grinding the pine wood sample for approx. 30 s are shown in fig. 5 . Fig. 6 shows the pictures of the active surface of antistatic PS 15F paper before and after the grinding operation. As can be seen, the staining of the active surface of ordinary abrasive paper -resin and fine particles of wood -is much more intense compared to antistatic abrasive paper, despite the same grinding conditions (i.e. surface pressure and peripheral speed). This should be explained by the fact that the value of generated voltage (and thus electrostatic charges) when grinding pine wood samples with ordinary abrasive paper is about 4÷6 times higher than during the grinding process using antistatic abrasive paper. Also, the resistance of ordinary abrasive paper from the substrate side is from about 67 to over 200 times the resistance of antistatic abrasive paper, which significantly hinders discharge of electrostatic charges to the grinding body. Consequently, the spaces between the grains of ordinary abrasive paper remain more filled with particles of wood, dust and resin.
Conclusions
On the basis of conducted research on grinding pine wood with abrasive papers -ordinary PS 18E and antistatic PS 15F -it was found that:  the method of measuring electrostatic charges by recording voltage as a function of time U = f(t) has a significant impact primarily on the sign of arising charges and repeatability of voltage waveforms during grinding;  method of measuring electrostatic charges with a graphite-copper brush gives a much better repeatability of voltage waveforms during grinding;  the value of the generated maximum voltage when grinding wood with ordinary abrasives is usually several times higher than the voltage generated during grinding with anti-static abrasive papers, and the resulting electrostatic charges are of opposite signs;  resistance of antistatic abrasive papers from the side of the embankment is at least a dozen, and from the side of the substrate -several dozen times smaller in relation to the resistance of ordinary abrasive papers.
Significantly less intensive application of the active surface of abrasive paper with resin and wood particles during grinding with antistatic abrasives should be explained by generating electrostatic charges of the opposite sign and several times smaller, as well as many times less paper resistance (both on the side of the embankment and the ground) discharged to the body of the grinder in a much shorter time.
